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Title of the Invention: 

(Low dielectric constant insulating material and semiconductor device 
using the material) 



BACKGROUND OF THE INVENTION 
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[* 1 ] 



No 


r 7 /^'/ 

(mmol) 


(mmol) 


(//I) 


(ml) 


■(r) 


mm 

(hr) 


mm 

Oim) 


1 


!(*#» 


1 


10 


10 


'"mM 


24 




2 




1.1 


10 


9 


mm 


24 


146 


3 


mm 


1.1 


10 


10 


:; 40 


42 




4 




1.1 


2 


9 


•; ‘ 40 


42 


186 


5 




1.1 


2 


9 


, 40 


42 


237 


6 


KSj®^) 


1.1 


2 


9 


RSH 


48 


178 


7 




1.1 


3 


9 


j 40 


48 


180 


8 




1.1 


3 


7 


40 


48 


■B 


9 


l(#iSi§S) 


1.1 


10 


9 


40 


48 


229 



*mmi± 200'ci mm. 3oot:3o ^m<DT:=^-M^X'ox'^hh>itm^^m\^^x. 



[0 0 5 5] 

JSt6A<+^lciit;«k3f=a^i£)£^2 0--4 O^ci L. 2 4-4 8 

B #| H |^ Lf'o M ^ SlS ^ i 8 <^-&/ raOlzf ± ftll ««$ ie « t -‘ Sj ^ 5 ‘ 5 l *< i 5 -& A ^ ft ! l«E 

KDS j 6 TB 3 ^ U^ro 

[ 0056 ] 

SC 5 WtC 07 H 7 v > i :'> o ^^- 9 ->(;) tti 2 i ^ Sa^lil ; 1 /)« l ) SS ‘ J ‘ efc ' 5 A <, 

I'fc t.3. 5.7-^h^>^;u*><;;a^ vn^^1:#-l/(^a^RJ)(DJ5c5cfDtzS?«r 

1 o%it*Ufco 
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[0057] 

-:f U -3 L'fcTt? ^ ^ L t # (0 Sf514(0«Tfi. “ > 

Z iricj: y t Kp *> y 
SI^1i£0(gT[=<ky. 

^ -S z t o f- o 

[0058] 

@1 (b) (c^#c,tlf=SrlSC0^« • miE (CV) 7^UP‘> (A 

r) 2 0 0“C*0 1 ^FbI. $ &f=3 O 0“ct? 3 0 5J>»aSft®iSLfro L*'* 

^iz. 7;U5=.'5A (A I) 'f—hitmtLtzo cvf#14A't> 

SflSffliKSft 1 MHz 7? 2 . 4 0i:7j:y, ||Jg^2-^Stt^-r'5> 
x^^;U7t<7 v> t tt« LTA'4' y /|> Z;KlJ^«a£(> 

It) <0i* BSm^cO^aft fzJSi* A< fc -3 tz /■= iO t % ^ t»tL «6 » 

[0059] 

^Zizty < >x— '> g (z <fc ^ » X9"x 

;UtH 7 v> i: JtR L b^ti, tbSI«^tt<g3«r # t= 4, <0<0» 

ttWi4*(D15TAlffii0ib4x/i:, zHIiT^D tTxju^JpAlZcfc-SJSl^llCOlSTlzeH 

4 ^ ^ ^ *3 ^T» “S o 

[00 6 0] 

Ca2j ■ 

m2 





^{±m (GPa) 


0!^ (GPa) 


200*01 KIfM 
+300*030:5^ 


6.0 


0.28 


200^1 B#Fb1 
+300*030 ^ 
+400*030 ^ 


6.9 


;: : ^ 0.46 

r ■; i' 

, i 
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[006 1] 

h9—5?(D®j£lz«c 

-hSacO<STISH(±3fDt‘-;i.^cDaiAl3<t:y ^*y V‘r)--<?itB.^iimm^ 
[0 0 6 2 ] 

trncoTL'tio ^(OTztb. 

tifzfc'LN-CSiSi4lcitAtiE,^tro h 'j :^n vXi^RgilK 

[0 0 6 3] 

laa (a) ( dj:o 

?icc h/O K' as 

'>■7 K (AVra) *;!)<S<f-3TL'^., 1 0 k H rT'l±jaai±:^lfi]^C0*>7 h*A< 

iMHzTM^aE-hS^IC - 1 o 

fyn?tX-xUi/^A<:^$-L'„ IgJll 2 4—1 2 8 nm0^, C^3b<1 6 O p F i: 
TH^i^^tDSia^a. 14-2. 2,^ 

‘y KI-^oTfiaiJ$ia®»A<l OKHzi: 1 MH z < M^C 

[0064] 

(b) ^'.bt/eis ia) <0 

1 o k H r-ettaa)E:^fS)'^CO'>':? 

MH Z -eii- 2 0 V-(ti&a)l8:A<«l < -^T t'-S Z i: ^tzt&m 

ji< /.foTl'-So 
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[ 0065 ] 

I 

(PI) , «3?iicMLT, Ka m-v>Ma 

ft»Lfr„ ^3lzfsm^^ttf>tz. Kff/)<+^IZi5<>SPLxfr«>SNJtA<Sl'A<. 

[0 0 6 6 ] 

[^3] 

^3 



' ~ - — ■ 


mm 

O'Ka 




Pt*M a 


Mm 

Cl-Ka 


#0^ 


Bias( 

W) 


^ m 
m 


kcps 


kcps 


kcps 


kcps 


Blank 


^ 0.020 


<0.01 


0.0004 


'0.005 


No 


0.589 




0.0026 


0.006 


Ax 


500 


20 


0.408 




0.0034 


0.023 




500 


40 


0.397 


<0.01 


0.0007 


0.010 




500 


60 


0.190 


<0.01 


0.0033 


0.000 




200 


60 


0.584 


<0;i01 


0.0028 


*0.002 


02 




60 


0.660 


IIEQQIIB 


130^31 


0.012 


N2 




60 


0.519 




0.0007 


0.003 



[0067] 

a^rcgiLTii, ^ i.ttcDA<m 

[0 0 6 8 ] 

TJU=f>X^X-7 (b I as = 2 0 0,W) ^ 
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[ 0069 ] 

t*^;L.*;b<^^Lfr B, B' . B"- K y :^p e^ju-N. N' . N"- 
h U ->« v>0. 6 =f;}l^ti B’ . B"- h IJ Xfii;u-N. N’ . N"- 

4^fVt^mi\ LT 1.3.5.7— X 

*>‘!7P^ h^*>P^-9-><Z)ait^‘>P-:«F-9-> 1 . 1 

a^Wi«i#ST'et kd'>'j o*c-oiTof-o 

0)^^7t?^v>K#<$:^**X^PT h'5^7‘7'CaiSU 

«e LTfcl'-C^ittJSSE^bt/ci: < =. i: L/-0 

[0 0 7 0] 

C(0SP5Jg;'a$^0. 2 //m(OfLg(0'7-f ;U^— T'3lafiU. 

XS i Ox/\±fC|g^Lfro ^^'>X/N^r;u=f> (A r) 

SJip-e 250“C30^, $e>lC400 "C 3 O ?Tt\ ^"7 h "7 

— -^^b^jittfco zo«fc-3(cLr4»^tLrr»)gia>«Svfi^i4ll. 

j±Bl«^2. *5. 5i14^i 0, ®^o. 7 5, IrnmmmiS. 
'J> 5 %-C<0;SJ£ 5 2 3 “CT fc-5 C i: U f=„ 

[007 1] 

B.B’.B"- hU‘:^aex;u-N.N',N''- 
7-rT7=t*t'i:l'3?^«;{i«fcy, B. B' . B"- K «J x^x;U-N. N’ . N"- 

wtt ^ to— o<7?7t?7 ^ 

J: a l~-o<7>7|<7^Mb^l33<OB2^(COLxT 



J 
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(DTti •; y t •=> f'Tff 'J V- Atfij ^ ti 

t-o ■’ 

[0 0 7 2] 

ibKm^<0<53Si:7K';-e— LT- 

-7— lltlfBO^b 8 B. B' , B"- h 

a\i-jU-H.U\H''-bU KO'>«J 

;MbJ5C&$it4i'e±iO^ C i: Ic J: o T4ie>tL/cJSltt7KU V— 
a L r t, 7*;Mt Crif ?l? fCSS-e fc* C <1: 

[007 3] ;i 

!• 

^7c, 1, 3. 5. 7 — “X K'7-5* Px hx vP^’t^>i:<35 

[0 0 7 4] 

—yj, B.B.B. - h 'Jxf"=:;w-N.N.N. - h 'J > 

<D^.3. 5, 7-x h^y5=’7U'>'7Px h^'>P^-9->0 t KP'>'J7^'(b*■&^^f 7 

Z«blZcJ:y»^4xfr7H7v> * *>P4-i^->7K'J liltBia^2 . 7 6. 55«tt^ 

14. 6GPa,«$1. OGPa. 6 4*Ci:ff*L7c 

ex;i.S^it«urt KPv'7;MbJ5E5jb<<Sii$n«5/z«>7t<';^— JSjg(7)^-fZ? 
tm.<s $ t>(Z7x— ;HZcty h'7-’'7«attC0ffia/)<l&®(znfy. ISatL 

T««5tffi)!><iett]r -5) t (D i: ^ H-5) o 

[0 0 7 5] 

B, B’ . B"- h g :^p e-;i.-N. N’ . N"- h g > v 

>-vgD>7Kg LratTU'^A^ fflitfZckoTfi«« 

MiiK0)$€»?‘.f^iS]±A^a^tv<5.o 7t<^v> - '>gp VTHg-7— (Djts§«2^'V>a 
aM$4#^M05T«iK<^r'fc'S;Kgi7---j§;-ffia)gesi4$«tft-r 
^m^X\ mWi^^K(0»HrzyH*J -7— h g 
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u/ctKu^— 

tH'J V— (DENIZ'D t^r^^^U^ko 
[0076] 

. '>U=i2x 7K'J-7— t7)^ti4ttS^Bfl= 

atautc. 

?<ni:y. ::^U7K';v-j§jaE(o^'r:7(is<?ify, »#coit]iD(c^u'. 
&i;iRJ»til3:<STT^A^ ^ 

i-r-So ?$(c, M^^(C7tf5v>K3l<*<kLr h'j:^ptf— ;u?H^v:^rch'jx 

tic«fcy 5 ?i 14 ^$ i o g p :^ i5A±lzf •6di:;!)^pJt!l6'e 

[0077] 

LX K';x^:i;U7H^v?><!: H U ^p 

JUibT: 97: 3~0 : 1 OO (7>9aWBX fc y . 6?^ L<IA90: 10*'<b0: 10 
o-efe^o 
[0 0 7 8] 

jbeicfcL'T. >■;— 

0»j5Ff -5)i:y ^;uat. x^;i.S, -< V’::/pe;b*, 

T;U4-7U*, '7xx;uS. t*'7xx;ui^(DT 'j — 7US, 

•:>TL'>5»li^$ait(f-5ci:A<-C$-5, LXO~ 1 2x »^L< 

.1 

fiO~6-C&-6, T-b5"U>lt(D7KlSlS^^»^LfcR3 t 
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x^;uSs -fv^ne;u», 

^o 

[0 0 7 9] 

-tSacO<b9(=fcL'T, R4^3j:l/R5ttT>U^^bai> T';— 

--2 4. »^L< (i 1 ~ 1 2-efc-5>o T')—JV^O^mWi6 
~2o. lie- 1 oi^fc^p T5;u^^;uS©i5ft3ft»ii7 — 2 4. 

<(i7-1 2'Cfc-So lWBER4^5J:aR8^^5^-r'2)tsi X-9^;U*. -f 

v:^n tT;uS. t :^“^^;uS9f(DT;u^iu*, 37x~;b3S, 

It, ^fc:> R6li*i!ftlfe^^UTL'T^ii:L'^S«|(0 

•■ t, ■ ! 

2®OS. :t^'>^*J (i^> ^;U'>p^'» S^^-r» 55S 

iS(7)2fiffi<DS(D0S3^8fe(i6-2 4, 5?^L < lie — 1 2-e3E»<5>o 5a $J8ia> 2 fil<D 

tL-Cli. 2®5f®iSK<t7K^« (TU““U>S3|) 0)flfe, K3 RSI(Z)'v-tDJ^-T- 
=^3llSSt UT^t'T'J — U>*S?X)<-&S4x-So ^fcTWll55?SttlcD2fiHifl>3fclzie 

LTIi. ‘T;U4r;HI. T'J WWS. T^;U4r;u3t?f 

■:?xx.U>a6, tf^x=.U>^9f 

— u>*, i?:?xii;ux— x;ui£Sf(oajftr 

[0080] 

CilbCO*^ife^:^L, ±BB0)<t9 7?4S^tV'5), < i: t 2®ia±a) t KP 

'>';;m$^*r‘5»y-r*<b^i«3(c(i. tfx (^/'fc KP'>^» js. e;^ (i;t 
KP'>^:^) t*x (K'JtKn'>^» c:*tt>e^ (tKP 

v5» ^b#lS3<Z)=a(*^^ LTIi. m-t’;^ (v^^;U'>'J;U) p- 

t*x i. 4-ex (i>>t^;U‘>U/u) 

1 . 5 -ex (v>^JU*>'j;i.) m-ex 

m-ex (>^;uxxx;U'>'j;u) p-ex 

^;U'>'j;u) ^>-tf>. 4. 4' -ex e:7xx;u. 
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• ( 

.i 

4. 4’ -ex V^x^-l/UX— T-;U. m-ex (/ 

J 

1. -1. 3. 3-T-h^y^^U 
1. 3-v'>P^-9->. t KPv>^;U'>P4-'>tK')’ ( v>-^;Uv04r'» v-Jt 

[008 1] 

It. ±se<7)^tl OT'*3F;h.'5>4ia);{)<^ff e>^i5>o 5C4J, R,liT;U^;U 

T'J— T7U^;uSa)kf(^*![lii -2 4. 
<1^1-1 21?&-S» T'J— 6~ 2 o'. »$L<(^ 6'-1 OT?fe 
T^;U^;U*0)M«Stli7-2 4. L< (k7 W 1 2-e&-5o 
T^t. 'fv:>’pe;Hls t 

. :; i; j 

*7xx;u*, eT?xx;u^’^(7)T'J— 

», n(3:312i±(7)S»-C. 

[0082] i 

1. 3. 5. 7 --r □t‘>‘5'>p4--9->. 1. 3. 

5. 7. 9— ^>^>^;U*><7P^>^'>P^-»^>, Vl . 3. 5. 7--^h^X 

P-T- h7vP4-t>->, 1. 3. 5. 7 --T- p-^ h5'> 
V. 3 . 5. 7 --r K^'<>v;Uv^ PT‘V7'>P4--9->S?*<^(f ^ 

[0 0 8 3] 

^tz. 2i@ia±<Dt 

kifi§W<OS*Li'JKST-fc 

[ 0084 ] 

'■ I ■ 




- 27 - 



;HfcSfCDT7U^jH£, :?3:=.7Uat. t':?±— 7HI9f(7)TU— ;uS, 

-7x:^-^;H£3?<OT^7U4-;u«;b<^cft,;K^o ^f=. 

M^XSRs t LT^ 

X ^ U ^ ^ ta-ztiz. 

LTO-- 1 

2, »SL<liO--6-Cfe'So 
[0085] 

V>-*>'J =3>tKiJ V— (0«fc^iJDX|cfcL>-Cli> X*;/^l/y^X«>: LT. 

C4pa^<0P FC*’xlS*'y -o/j:< , (c 1 2) *’;^$ffiL'-Sc<l:fZcl:o-ct 

(ij§W3ifeisiiit L 

Tfflt'<5Cli:6<Djif6'CS>y X X'y^>-i/“icffi|^ (c 1 2) 

/rJft-&lix X‘>^>yx|IC;fc'L'Tx p FC**7.C0^ffl$l 0 0%ftiJ3ST'5Zt 
t,t.6A/x UT^^iiy P FC^XIzJroT 

x-v^>y-r^Zt^^|g-e3&-S. ^f=x lix JgBB 

#fel3^lgl®)2^<oallg|«3^s^, X‘v^>^X K’>/A'-^x /s— K-7 X^x *£tk/< 

•J 7 1 L T 4, ffl L'^ d t IC J: ^ -C ff c: t ;5<£±} # ^ 0 

[0086] 

■7— j: oTx 
Wfig-c?3b^A<, UTS i 

(ttui;tc^^fL>f=it), /\— Kvx^cDiiDXfcttp FG^a>**xA<^w^-e&y X 
1 O 0%<OP FCfiiJM^SJlfef -SztA^fcfclJlEJtct'^&^x 

'* 

/ \— K-7 X ^ t L -C L '-S X ^ 1 :: J: y & -S o 

[0 0 8 7] 

tt3l5(ix /N— \i>ta:tk/<yri: lXx s i Ojx 

S i Cx S i aN4SfCO^iai^J*l»1^^47&<fflt'‘^»:h.Tl'*&*<x C4x^C0?««iailS1it 
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liS< JSry . ^«^®«LNjiPdl#felSRt<a^#:h1i-fc^ LT4,-5-a>^a*li/jN$lNo 

itK1i^2. 5 /\— :£."J^''^^7.V"J 

LTS i jN, 

I±. 3. y. 

c a Lfrjj|i®^j|s|.t ur, vy □>7Ky7— ^ 

d it ic j: y -s c <b: *<*c$’- 5 , 

immm2i 

f 

[0088] ' 

[0089] 

’ -tr>r^7Hy V— (7)— *:?> • '> p^-y->/Ky v—fi, m 

1, 3. 5. 7-^h^>9^;U 

v^P*>P4-'y->.b^Dt KPvyjMk*^l::J:y4#t>+L-5* 

[0 0 9 0] 

-|ft|®0S^J£f5^4TLv, m-|ft|Sg'ef^^;:&fc^lM*4 0‘’CT'*^S!T^ d<b 

dti$xe>p— • '^x/\±I^^?!i Ll 3g - Spg-ei ^ 2 0 0 *c;t>' 
1^4 0 o’cTjwSft-r-Sdibr'**: y:p.‘v hr?— j7;Ky 
[009 1] 

^4|c^s-r«fca(-v • ixP^+h>THy'7--(i, 

[0092] 

[S4] 
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[0 0 9 3] 



4c^l!i£0<‘C?Ii04 (b) 7ff 

^Ly-r B.B’.B". - K'JX^^;U-N,N’.N“, - h 'J > , t KQ'> 
UTp - (v> ^;U'>'j;u)^>if>35-&Lv(ivP^-y->t UT 
1.3,5, 7-^ h7>^;b'>‘57P7^ -?-tt 

■rtu^^^;u(DW^-ej5F&$#<s c <!: iz^ y 7t?^ *:;> • y -7—$^^ 

Ltco 

[0 0 9 4] 

fflL'tr, (PtjCdvs)^: dvstti, 3 ->:;e- 7 Ki. 1,3.3- 

'Z>fZo 

[0 0 9 5] 

4-:>(DS i H$:SLTL'-SfrA6, y V;Mk*<^ C* 

t‘ >P — h^lzH^^a i: y ; x / \^ 0 ) 1 ^— A<B 

[0 0 9 6] 

U i HA<f^i)0LTfg>t*i7K^y7— (7>«®T?Se«JKftA« 
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[0 0 9 7] i 

5^ — 4i $fflL>-C'!7xys±.lz 

2oo"c, miw, $t»rc3oo“c. 3 o^(Duamwit^m*'otc. c 

hr?— 

[ 0098 ] ‘ : 

®*«fey . Jgf5?§jat4>0 B. B' . B". - h •; X^:z;i.-N.N’ . N". - h •; ^ 

^ z i: IZ cb o rkcSOat^A^ 

[0 0 9 9] 

a5(ZB.B',B", - h'JX^^^h-N.N’.N'. - h t h*P'> 
^>t 1,3. 5,7-t" h^vP^1h>(0J£j«;(Zfc'lt^jtt«ajSJto 



[0 10 0 ] 

[ as ] 

as • '>D dr 1 h >' at ^ i ) | S : 6 ^ il#+i 





tb^®^ 


2 . 4 -- 2 . 8 






7 — 1 5 G P a 




‘ 0 . 5 — 1 G P a 






j 5 0 0*0 (5%) 



[ 01 01 ] 

e>i:i2 5^^(z(i7f?7v>1b^153rox^-;Hg(D 1 oX)<'>p^^-9->1b^4afl)S i 
Hm <0 1 ^/ JOf -SHtJ 
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It. JSEDK^Pflt^(CC(De— 

i^ltiA'PLs ?H5v>^b^1^<DX^:=.;US<D1 OA^vP^-y-^^k^^aCDS i H« 
(D^ oiJ5J$Lf=-fk^4a<De— JSP&A<$ t»fCiitT-r^lC#LN^(De 
-'PtimL. I 

[0102] 

br7.(v>^;Uv'JJU)^>'tf>i: 1,3.5.7 -t- h7>^;u*>^PT h^vP^-t^ 
[0 10 3] 

fcjsA'oy-co mmmizmmm^otzsb^'p ay ^ 

zoiffizy^ ju^—tpv7ti'j ;itr<!:^iSfcy;HkfiJc^^-*<^ 

^ L S < . L L'^P C t Ltzo 

[0 10 4] 

«Sif#14€^a!lS-r-S)f=«)ir. ■ vU =i >3fe7H'J 

®lz. :^/<'y^'J>^m’^TJU5—rtfM. (A I) S (Metal- 

Insulator-Semiconductor) AliMSi3|3l^$“f^fiK U/zo v.'J P >SIR6 0 1 fl>±.f- 
B. B. B, - K •; x^2i;U-N. N,N, - h U T^P 

1,3, 5, 7-^ h7>^^Uv^P7^ K^'>P^-*t>0)t KP'>'J^Mb*^IC*fc-?T 
»i=>ttfc/i?^v>--vDii^-y->7Ky^--SjS*xfc‘‘>p— ^iz«kyM^rUfc„ c 
ti^2 5 0*C3 0^)-flftflVSL, ^ ^IZ4 O 0“C3 O^r^aUTH^O. 1 //m 
COTtftJ^—mm^mmLtz^ v'J P>»tR(ZttnS!to|9~1 2 Q cm (D JtlSi3tfil(7) 

•csaissEicr Tju 5 A (A I) mm^jf^mtLtz ms <a) , (b> > „ 

• §«CVSil3titgilzA'lt'5>t. las (c) (z^r<*:5(Ztk^« 
^2. 5(Dm^^Ltzo A I «li<0ilgl±1 mm<0=fc<D$fflt'fco 
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[0 10 5] 

ca>ekatCLTf^fi£L fzunri . mmmm: (Ag i l ent techno I ogy ttS HP407t ) 
i: 7 -iT;U3^O-/\*(aiiLliai^ttS!i0YM-401) Afflux, 1MH2 (73®^35fcTOmiE • 

(c-v) ttmikm u) itc-y^it.<D 

Cmax © ^ IC J: y ^ 46 tc o 

£ = (Cmax X d ) / { £ 0 X s ) *’ 

S : «fll®a(m*). d : ISff(m). Cmax : §»(F). < 0 *: • m"') 

[0 10 6] 

/rA. y ic^o-lf >H|fzx^ m- i?x^ 

p - t*x 5=-;b'>y t Ka'>‘J ;MbSfC 

^1±-5)wi:f=cb y^>4f> • >^r<3R7H>;T— Jt^ L/io 
IS^Sl6 (z^Ufco 

[0 10 7] 

[fl 6 ] 



mm*. 

(mol%) 


Choul-) 




(0 miaa) 


(15 min) 


(25 xnin) 


0.4 


0 


95.10 


4.90 


0 


0.4 


1 


93.57 


3.47 


2.96 


0.4 


2 


96.69 


■ 0 


3.31 


0.4 


3 


100 


\o 


0 


0.4 


72 


100 


0 


0 


0.16 


72 


97.44 


1.18 


1.38 


0.4 


72 


95.02 


1 3.92 


1.06 



[0108] 

7t?7v>j59»Aicci:yjtsiia^*M'$ <^^ci:A<iiajwufco cnu, =’^m 
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— -J? «a£f- ?SC *=» >5f l ' ^ t N 3 a t ' A' P» i: fc 4, 03 1 ^ ‘S o 

[0109] 

tk^ v:> • -^—<r>}tmwm^^7[t^-to.*r-(mt^^<jim'A[z 

*kyjt^ii^iiM^i»o v-5Xk^4«3t LTp - t*A(v>^3U'>';;u) 

^>-tf>$ffll'fc/-K'J-7— LT 1.3. 5. 7-^ 
h 7 v^ p -r h ^ '> □ ^ ffl L'fe;H 'J bjtlSB^«t y /j' $ Un„ 

[0 110] 

[a?] : 

Tt^V ]; tt^M^ 

m — p -- 2.82 

h ij p - >• 2.52 

[0111] 

^tzs 7t<'J-7— (OilP»toa55l*l3ckoTtita«mi«Jb^. >>5>5^7Ky^ 

— o o~6 o o’ci?$;ib(cMllft^g|-r'&Ci!:lzj:y:<t#<sa 

'p-r^L, 

y. - '>p4r-9->7H'j-7— (DJtg§tt¥li, 1 . 7-2: 

[0112] 

[«8] 



'>n 




'>9 ^ 


200t:ih/300t:30tnin 


2.76 


2.52 


200'Clh/300t:30miny400‘C30ttim 


2.94 


2.26 


200'Clh/300‘C30min/500'C30ttiiii 


3.51 . ' 


<21 
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[0 113] 

(ft- i r> 

Lfrc v^>3g7K'JT— Si-GHjlzie 
-Si 250—1 275cm'' (Z>8ftHR, S i — C (ZfiE-^^ 700 — 860e 
m”' (OffillZ, C - H 2 9 O O — 3 O O O 0 m’' G>IRl|R<^a'J>*<®i6 ^ 

[0 114] 

[B)fi||Z'>a^+f->^;t<y ■7— 0)jj|#(z^,, S i -C H3lZjgS'^>& 1 2 5 0 — 

1 2 7 5 c m*’ COflRlft. S i — CfZMH-^-S 7 O O — 8 5 O c m‘'(0?ai|H, C — 
H|ZfiH-r<S2 9 O 0-3 000 l^^lz, S 

i - O - S i (zSH‘^' 5 1 0 0 0-1 1 0 O c m"' (7>^4R;!)<t8j!lD LTib' y . vP 

^r-y-^^THy -7— j!6?rr-5s i 

BI<brcj;y7Hy^— <Z>S i O2<b;b<jtAy/£fci0<b^^4ti^0 
[0115] 

K7f<y7-r3F,^7c;i6. *n}»izj:y:&ttiife$m(^rwt*^§s-efey, 

[0116] 

tc. idSKfJMzii. vy=iix»ffiiz7H^i;> • '>p:^-y-i^ji^“y-7— $2 oonm 
I^^L/z^.(r>^lcmnfz^BrLttfflLfzo !i14^<7)ai$(C(i, igg?BiMailliHS!S 
(Hys itr on I nc £1 Tr iboscoope system ; Digital Instrumental £{ 
Nanoscope-ll la+D3100 Mf^a) 7*>' -f >-r 3 >fz J: y frbfco 

K»<Z)1 0%e®lzBl3^L; 
ISc05!^ttSEJ^<01iiigE(z|3tNriS(O5i1S^^ltS«t7=; = 



, I 



>. 
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[0117] . ' i 

^K'JT— <D»14^1 5GPa. «JS1 6Pa(Dfli*<?§b;dfso ^tz. 07 Iz, ^0% 

Oi&m^m^^noi-y ^ :>7=>7^-va xz<k 

^mTo mmt tiz ^ &LTtt^\^^<. tti«»5i±A«s^o 

T^b'y. C4i(z$tUJ»»S^^^«3|sMi5itt^. ®jS<»:^4,lc«;h.-Ct''5« 

>• ‘>p+-y->7t<y7— ii^tti-«t«i/\-r:^y V KH^yv — m 

tSW^i‘'?'1^3^tit«JL-C5¥14^, «)£<!: ^(z«nT^b'y. 

^ -S ^ ^-r ^ C i: A' o fc o 

■} 

[0 118] 

iWSftItli. ^Si5?®Sitl3'C7Ky v— i o.o 0 “c^r*tti??ft-r^z «!:(z 

^ ^ L fco 1 A< 4 O 5 ‘‘Cs 5 5 6 4 't, 1 

o 7 2 5“C<OfS*;&<^^^>4xy::, 

y -r s K<^ 5 %m«sS'>siS' 4 o o ‘•c^, 10 
®5 0 7t<7v> • vD^-y->7t<y,T— 0)i}JSi14;!)<, 

rL^-5Zt$^L^fcLfco 

[0 119] 

Ltco :?‘v3ft^/-Ky V— sittitKl«^fi/j'^i'*<itMi±(zsfey. • >r-r 

^5^7Hy -e— -Sc L7co 
[0120] 

7K^i;i/ . '>D^-y->7Hy*7-a)0tff^S. Ox7\±iz7Ky^-$^^»iLfcK 
(xyz^v> h'j) -es+*i]-r^ct(Zcty^«)7s„ 01 oizajs 
6 3 3 n 1 . 4 6 (7)®fiT^>!)«^^4x7Co 

e ,-Cfey. n*tt2. 13 i:Jfe<5>Ci:A' 
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LT<^fft^tvTL'-5>5<‘'!7 • -^S *;U * -f l/3—7ftU — v 3 XDJS 
as i LK (R) 0) 1.55 LT 

*gl£<fiJffl$ttTL'-5)7K«J 'J U— hoi.51 

[0121] 

?K^ Ls BCI3 ;b<±Ji£-r -S C t ^^h-TJo y . 

(CI 2 ) 

^f>;K-So ■ 7 — c0X'v^>-y4$1i$^gg^-Sf=i0. '>ya 

^2 3 O n 

[0 12 2] 

Cl 2 ^ lOOsccm, 3mTorr (O. 4 OP^) (0^f!fr'C4 O n m/m 

i n<OX’;/^>‘yiS®;!><W^^fz» x->^>yo)0jf®SEM^J|$ia 1 1.012 
(b) . (c) ic^Lf-o ^tc. S i lk (r> icj^r-sam 

H 2 /N 2 (7 0:30). 5mTo r r (O. 6 7 Pa) CO^i^X 
X‘i>^>y^fTofco tK 5 v> • ‘T'-f ^^;KU T— (Dx-y9^>-J^i®a[(i5 O nm 
/m i n . S i L K0)3 7 O nm/m i n LSlWJt 7 . 4 <1: y . + 

^ C t Lfco 

[0123] 

—t&lZ'>n^+f->^1t‘^^^jZ'y^>^i‘^tzif)lzitPFC(Per-Fluoro- 
Carbon) ;fC^v>- '>P^t>-/ 7 Hy - 7 — 

S i -0$S^A<^«EL-CLN>5i:t>fc«(). Jt? 
3v>ISA<C I zT'^^l^-^'-SCilzJ: y . ?K'J 

[0124] 

^tzs cOTHy-T— lip 

$P>IC. KIR*V>B3II/7K3(I 
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[0 1 2 5] 

e 0 nm/m \ n^ C^F/O 

z/A r ;g^**XT?l^2 2 O nm/m ! n COJSS^ifX ~ 
S^/tK^S'o ^'^7? 5 O n m/m I 1 1 n m/m i n(^/j'$:^X 

"j ^ p> ti, x.y^ m.-k\.tc X "j ^ > y ^14 

swr-So 
[0 12 6] 

^«8?K 'J V— ^co® Wffe»«3^ i: ixX h t ^ (= W«?H »] V—*' -S> 

frto. ^Ct?. CVDSf|Cj:ys i Oj, 

S i C. S i 3N<$jia^-iS-, K-7;<^ t L-Cffiiv^flftu^>fe 

/\— K*7X-i7(OiHlXlzB§»LTP FC*'x$ffit'r X'y^Xf^tr 

®BfllfelSMS-^AL'C4i-5-(0?aiSli/J'^L'p S i S i C. S i aN^O) 

/<;^‘^7Jt^l|^li-5-*^•?^^4. 3, 4. 5. 

Ur%, 

vP=^-9->?K';t— PFC: f^x^ffltNTl-K^'f 

SflUbJttlRcDA^L'P FC**X^^ofc<ffiL'Jt»:t'K7'rx-v^>-y»flir^fflL> 
■C. A'*:)353aMitS^1t^&Tlf^Ci(DT'^^^®BE®flla£^«ST?^‘5.p 
[3ei!E««3] 

[0127] 

E13IJ. IS3a>|^Jfe^$^-r^#($:S»COB5f®0T?3&'5)o Cl(D55Slg<P>I(*. :$: 
[0128] 

(S i) S«1 Ol^m^^RIL, RJrM(0lH]^flimiCLrrA«oTh7 
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BPSG/CVD-S i O 2 (10 2) 

LT. maWmi^cCDtra6cDi$«E?Li O (W) t?P 

— (CMP) iz 

04=1 0 3TS5r$+LT 

L'-5> (01 3 (a) ) o 
[0 12 9] 

013 (a) r*fi, h7>v:^^^0||«lfi0^LXL'JS:l'o MIC, 

<? H?Li:<D«SiM}*«c^0'Sffi*9XS(cfias$4X'&t®Xlifd:< , wS?(Z)BB<a« 
3l4$m'T, LTfeiSr-Sn— a'3b»^)'5MOiE 

Xl±, m^lt. 3mS^Xi«2 («r®/SiE=, -tffftia, 

[0 13 0] 

ijfelw, *'3iv^at<KlCX^X‘7C V DXS i O 2 (1 0 4) ^5 0~1 OOnm 

IftfflL, • '>a4'-9->TH'J‘7— 1 05$1 00^20 O nmltaufco 

S I Oz ( 1 O 4) Its hv ■ X K • (T EOS) $-/S 

2^i: L. aitt<05Ftr3ptt[S!:^^X-7C Sifisai2 5 0-4 5 

0®C, TEOS3St*1 0-2 00 c c /m i n, 1 0 0 — 6 00 

Wa t t , IftWEAl 1 - 2 O T o r r (O^fl^XJftWiglg 10 0-1 000 n m/ 
mi nX-lftaUfCo S i Oj (1 04) CDJta^^li, a«XJgX*fflL'b4l 
XL'<S— teW^^X'&y. s i Oj (1 0 4) (DJtl8Ufe#lcS:&$4i 

[0131] • 

1 o 5li, :^(D [^4^1] 

*5J:^lc, za>^i^VMf&Ltz7\i^i>> • vP 4--9->7K'; v— SfKSffll'XSUi® 




- 39 - 



2 . 2 ~ 2 . BV^ofCo 
[0132] 

[^# 1 ] 

B.B’.B”, - h 'jya\f-)\ — N. N.N. - 
<D 1.3.S.7— r K9'>P^*9->(Dt Kp*> 

V— ;^ tf>=i — y S i 

(Ar) 

(Nj) 2 O 0-3 O 0“C-e 1 0-6 oi^, $t>fC350 — 45 

O'CTI 0~6 05J‘JMia'r^C^(C«fcyfl|[^ 8 O-n 5 0 nm<0^>'y h'y—<7 
mj&<D7t^'j'7—mm^B/^utz. r) cn2) 

**:^5S:fflSi-e. 2 5 o*CT*3 0 5J-, $ t>ic4 o o"c%b 

y»^80-1 5 0 n ma):^•:/ H7 — CV}£ 
T*^ll:tUfz?K'J^-»)ecDitlK1i^r3:. 2. 5-CifeofCo 
[0 13 3] 

-e(DJ:(=^fll«IBHSi: LTS i LK (R) IS 1 0 6 #4 O O- 6 0 0 nmJ«a 
Lfco ^tti»w#fe»iRi o6(oitaifef^ii, c^e>3-5«) 

*^x/\C0l5]|EiS® 1 0 00 r pm. 4 O 8>Is]ife Lfcc A';!)' <S 3: / \ $ 2 
5 0"CT'3 05]'. |glC4 O 0“C-e 3 O^^-fl^i&aL-C. Wist L-CJ^fifeLfco />— 

• '>p^-tf>7Ky-7— isi 0 7$sijia -cio 

0 - 2 0 O n mlft* Ltzo $ t> (r, Si 08^200-300 n mifitt L. 

ffl«(^3feB3te3S«l"«l:yit«ITLl O 3 1 O 9 (0 UixX S/-?^ — > 

(013 (b) ) . 

[0 13 4 ] 

S 1 O L-cl C^Fg/Ozx'A r ^X.'y 

LTffll'r. K^-f y /\— 1 0 7<0toX^ 

^Ttv /\— 1 0 7lclg«E?Ll O 3 
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— > 1 O 9$|g^Lfco - 

/\— NLD (Neutral Loop Discharge 

i&m (C Iz) 3!E«i OOs o om 
S.tn OmTo r r, V— 7. / 1 200Wa t t, /Wrx/<r7 

— 25 OWa t t . I CP (Inductively Coupled Plaisma) K, 

S2 Z.<D h^7\ip ‘ 

COX ->5" >yigJtli4 6 O nm/m i ntrfey. ■:? d- ,h ■ hlC^tf 

ttlie-Cfe-ofcc Wfift«ry)H£$itiei 

1 O 6$ K7<X‘y^>^-CttJXU. 

1 0$H$fiEL/r (013 (c) ) „ ^ttl®fHl)0t1 0 6 (OJLy^><f0k^lts mK 
It. N L Njt H2<t:(0;g#:tfX^fflL'. 

Oscom^ 30sc omt IE;05mT 6 r r , 

— 2 0 00Wa t tx /^«<TX/’('7— 6 0 OWa t t , N L K. 

S*RSJK0‘C<0^«:-C. S O nm/^m i n-C^D 

y. ‘>D^-y->?Hy 7— (c^tt-r-§>iM«^iblii7T'ii)ofcp 

[0135] 

Uv^x hi 1 1$200-300n mitttt L, jl1ft(05tS?fe^«(Z cfc ^ 

IK 1 ligEfiao^siOcO/'?^— 1 2(0U'xX hA<^ — (01 
3 ( d ) ) o 

[0 13 6] ’ 

C.Fe/Oa/A r LTfflL'. K^-T X J: tj , /\ 

— h*-7X^1 0 7 1 0 5. S I 02(1 0 4) COStij 

$ttiXLt'o iWrfB/N-K^:^.-j7 1 o 7(Ox*y9^>^ 

lfe#i:I^C.T?fc^ (01 3 (e) ) , 

[0137] 

N2/H2^';^$fflL^T. K^< X‘;;5^>y-CJ*ra$fe«tlg1 O 6$iraX 

Lfc (01 3 (f) ) „ iBfWBn o KHie^ttuswiaii o 
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C(0^, Ui?Xh1 1 1 li 

erBi*fe«en 0 6^X'v^><^-r-&xfir'x->^>^$;h.x 
m^Lxi^tz. 

[0 13 8] 

mz. Cua>J£»KtS/i 

irLTTaN/TaBIl 1 3 ^ 'J L> $ lz;;>J<Z)xe(3!) C 

K/BCu (114) (EM 3 (g) ) , 

[0 13 9] ^ 

mz. c uommtb^tmiz^i) ^ A'A'-5»tes®i:ccuisi i 5^jtw$i± 
fco HI JSeBBI6t^'SM(7>Sll5j“l 1 2li; |jijirBlJU:< C uK 1 1 5t?S 

(013 (h) ) „ CuKl 1 5^1ft8lL/t^(C, tf)o#C 
uBIl 1 sa^^L^^m&^U'rtiSimiZs T/Btt«c?L!l 0 3a>%m^Vd!>^\Nt 
/^UT>^;UT a N/T a« 1 1 3tS^lfC ulgl 1 5 
IZ^ (Nz) (Ar) 3 o'o — 4 5 O^CaJj^JSS^f^ 

Tf . ^ li 1 o -- 3 O fr ^ fr o 

[0 14 0 ] 

CMPafe|Zj:LJ, ^JHI4'Cuib'«ti;»:te*®<7>3pJBgu<j>Ta N/ 
T aisi^isfe^’r^t^ic. LA'-5>^in, 

S i Oifill 1 6$J|lfl|L. a®^tt«Lfc (01 3 Ci ) ) o S i OiOmmm 

mt. Mx.iimes i o^ (i 04) <owm^ntn\:.xthh. 

Wl 1 e-CPtta-t-^eWtt. Cu<0®®SJ-(tCD|»ihi:/\“K'7:2.-i? 1 O 7i3j:l/ 
wawfaisi 0 ^ 

(i. S i OztD^JtCb-r, s SIC, Si ON-C:t^iR*<&-:3/zo i^fz< 

ztixmmmocueimmf^^^fz. 

[0141] 

^Xiz. fi^ti^^Mmz7t^^z>i^ ’ l i 7 mn■^] X 
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1 OO-ZOOnmJtaLfro \^X S 

i LKBII 1 8 ^4 0 0~ 6 O O nmltau, K LTH^^ 

• '>P^*9->7t<U -7—1011 1 9^ffjBE T?1 OO-aOOnmlttt 

Lfco iR-a)iBisa»^}f$fifc-r'5)^=ir>(7)jsiyik»Ki:UT^«i»r0igs i 

LK®1 2 0^4 0 0-6 0 0 nmltaL/c, 181011011 1 2 O (Dlfia 

flUSEIBiJia/SIWBn O 6 C-Cife^o 

t LT7t<^i>> • vP4-9->tKU T— m 1 2 1 [Ife 

W^l] -C, I00~200n mltSI U, M 2 2 $ 2 O O 3 O O n mJft 

WLfco 3fi«0)5tS3t^<®JC^y 1 5 0-2 O 0 nmteO>JBrai8«t?L (V I A) 

1 2 — (0 1 3 :( J ) ) o 

[0142] 

2 2$'7X^^L'C. C4Fe/02/Ar 
^Jiy^XfiST.tLXmi^X. K-7X^ 1 2 1 <0 

/V— K-7X^7 1 211-1 50 — 200 nmftKOV I A/1^ — > 1 2 
3^tK:?Lyco 1 0 

2 O^ K^-rx-;; API LT.’- SfyiSScft (V I AtH— 

;U) ^aiWIHBli 2 lAaS^aJBrHl 

ffeltl® 1 0 6(OaWlg«?lAPX^3cfcI/EI«/1IADI(7>^f+t^ i:-Cft-^o 

[0 14 3] 

C.Fb/Oj/A r ^X'y^Zy^iS7.t K^-f X 

y. X-;/^:/^X h-V/'?— 1 1 Q^AOlLfro T.'y¥iy^1kn-\t. ItlSB 

/\— Kvx^l 2 1 <t)X«v5^>'5f3k^i:Rli:-e&'5o $ ^lZNj/H2$fflL>T» 
KT-fX«>^>^T'®Wlfe^l0n 1 S^APXLA: (013 (k) ) o affflj0|1 1 
8 fl1Iaa^«iaFi3IK T 2 0<7)x-i/4">yife#il^ C-Cffc-So 

C(OI^. UvX h 1 2 2fiaf01|g1 2 O. 1 1 9fcJ:l/e 

f0)$fe<SKi 1 8^X‘y^>y-r*Xirc. *l!ie^rc(3:f5 
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[01 44] 

U'xx h 1 z^^m^Ls ji^<osjt/^ic<fey. 

^ — >1 2 5^U':;X h 1 2 4(C|B¥Lfc (013 (1 : x;U) ) , — -> 

h 1 2 4$'7X-57t LT, C,F./Oz/A r 

Lr. K^-f x>>^:yyic<ky/w K-7x<7 1 2 1 it c ucojKfftWtgjB 1 i 7fe' 
J:[/s j OiBi 1 6cDHBnSii^$-?-4x-?^^a^i4x‘:/^>^Lf'o X'v^>^ 
•0‘l^li. BtrlB/\— K*7;^^ 1 2 i 

I^N2/H2;l^**X^x-y^>y*';^t LT. ®ra#6»l»l 2 O $ K^-f x«yf^ 

(013 (m) ) . x-:;^>^^|£ti(i. |^K:&ailBWIBn 

0 60>mr^mii9ciimn(Dtc6f>(DT.^^^z^^^k^tmtii^i>o ccot^. hu> 
— >^Jf^fifeLTL'y-rUv;^ h 1 2 4(i, iBPifll&li^fill Z O0X,"j^>iT(D 

[0145] 

Wz. c u (OSSIttWSJB 

irUTTaN/Talgll 26 'J $ t.fc:jfe<DX?ia5C 

uC0«««>o^(D/r40a)'>— KCuiB 1 2 7^iftaLfc (013 (n) ) » Ta 
N/Ta|g1 2 6fc<fci;'>— KCuBIl 2 7 COlfWIfefl^fi. 0!ljll#. TWbET a N 
/Talgl 1 KC u0tl 1 4 0 IStffc'So 

[0 14 6 ] 

CuO>m«too#a£(=J:iJ, 3b'*'-S®«S®ICCuKl 2 8 C 

<7>B#, (V I A) 1 Z 1 z 5 tWiPeVcC 

< CuMl 2 8-eStf)jit'Ct3i<7?#fr (01 3 ( 6 ) ) o CuIRl 2 8(0«« 
^^) o # ^ ^ I# . IHISB C u IS1 1 5 ^ 1^ C T' fc i. o 

[0 14 7] 

cuisi 2 8$Jttaut=^ic. iOo^cujsii 2 8(byu>^**(Ei-i0NF 

1-^ 3^ 1 5e|SUlt?3E>^C u t T a N/T a H 1 2 6 fc'<jtt/3R 2 HBtaiSfc «fcl/^lira 

■ !’'i i 
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giU (Nj) ^fcit 

rjl^:f> (Ar) 3 5 0-^4 5 1 0 — 3 0^^* 

(Dmmm^rr':>t-, 

[0 14 8] . 

UA'^(fe(C, CMP^fZ,*:y, ^flj>tcc ufc<fctX*<SS®3pjBgp(C>T a N/T 

SIR*ffiCD^Slt^0ofco GMPODife#(i, 99^1^. 
lUKCuBIl 1 5CDCMP^#^|S]i:-C?fe^o L*'-^4(Z, ^V'y-^US i Oj 
Bli 2 Ufc (El 3 (p) ) J s i OjODltSl^^fa:. 

miS^-vyzfmi 1 6Wlittlfe9^tIaji:-cfe-5o ja:fc\ V 

C u(OSffiK(bcDR^ihik/\— K*7X-^ 1 2 1 fc.fc tX^tUBWa 1 
2 0 0)^Sicp7K^(OiRiGl(Dmmvt^»^tzdf). ^vy:f^tLXIt. S • 0^0)^ 

S ijN,. S j C. S i ON-C^iaiR*<3&-z)/i„ 2>J(?DXS7!)<iS'\i> 

J!)'»z;tP L 4» 4c < T t cfc;5>' o 

[0 14 9] 

013 (b) A'bEi 3 (p) ^T'<0Xg-e. 

0>^®BE$g;!><«$filc$nfso sa:Si-»=t.«b':J<j^^®4ciBlilJi»tts 013 (b) - 
(p) ^ie^ii4c)i»f£[t»yig-rz>b-o^9b4x-&o ' 

[0 15 0 ] ?’ 

1 /wfcL'T^ LT, 

^iZTjkT l?f^^Lyi7H^V>7Hy‘7--4;|pll2-efc'5 l3/\ — X 

C u(7)t£SJ[/\’yTIKi: LT(Z)S^ll*<*of=„ 

[0151] 

C^^2] if 

B. B.B, - h';x^-;u-N.N.N. - h u :^D ex;u/f<^'':;><tg[)|*vp^-y->a) 
1,3, S,?--^ h-^vP^-y-XOt Kb'>y ;Ufbfi'&(Z<*:'pT 

v>— ‘>n-=lr*y‘>7Hy ■7— tf >3— ^ Icj: y . S I ©2$ 
li8IL/''1l?IIE'>y 2 O O — 3 O 0‘fe-ei O — 6 O^i-s 

■: •■ 

•’ I 
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3 0 0-45 0“cr* 1 0-6 . mts 1 O 0 nmCO 

hr?— 57«3tfl)/-K';-7— SflS$«5liKUfco -fisixfi, 2 S O^c-cs O^i*. 

(C4 0 0'^-^3 0^(0gftffllS$-r<&Z4i:(^J:y. J5^-1 0 0nm(0^‘V h^— 
«aft(0?K •; •7 — »k$«$br Ltz. c vafe-eaiis ufcb(?)7H'j ^^(ottmw^itz . 
8T*feof=o 
[0 15 2] 

c(o,fc3i=uT«$fifeu^c. 2jB<7>BBfs«jfi-c, fsiw ‘j— 

[0153] _ i 

ZC0«k5(rltKtt^*<2. 5 u(7) 

h'>/^— X fe<fci;/N- K^X‘j7<!: LTfflL'^-SC.klz 
X et^^yx 

c ti,iz «fc y 

[O 1 5 4] 

(HM) X h*y/<— (ES) X J£j&/<yr (DB) ) <bLT 

ffit'fc^7=;UBB«i«jft (014) $(5^Ux -e<7)Ba«Sl^a$:^01ia.^|Cj:y'> 

Sa.U— '>a>A't)3R4^), v'P4-9->7KyT— LTffitN 

[0155] ‘ 

I T R s 2 O Q 1 (Da— K"? >i» -^0 6 5 n rrx^^ J P i?— ^ 
— K<©«ift(zS':5#, iHjSTX^'^ l .! 7 x (Via) 

$1. 6x KfatSiriEfafWWI^ 1 : 1 tL-Ci+3rL>Uf ^5^ 9 Iz^ 

-r. ; ^ 

[0156] 

[^9] 5 



r 
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[0157] 

LT. (•?’a)itK«$^2. sa 

U2. etLxz^(Dm^\z'DL^xtfW.) . s i 02 (iteim^4. 3) . s i 
c (iteie^4. 5) . s i 3 N 4 (ksimm7) 

^^i+»L 7 =, n^tSiSi^ktLX. 

^ife, /^— h ttSfe/^UTBI 
iira$fettlS(D2 5%. 1 0%t^ti-rti.ffiSLT3l5aWitBI«2e$^ 
ibs ai Olz^tv-etUOfil^vLfip 1 4fZ5^Lfr, 

[0 15 8] 

[*10] 
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[o r 5 9] 



«1 aiSfc/^'JTi:L-CS i C, h’V/<— fc'J:i;/\— Kv 

X^fcLTS i Oj^fflUfrl»^a)SE<a«j£(3!)3l35!jWitSI«mi±3. 

LTr^TICS i 1\ it 

LS i 3N4. t LT S i Oj 



2 . $t>fC»IBiW3|4iLT-^’^T(=S ig 

^<b|g?aWltKm^fi2. 7tn*:y. esnm^^y Dv— y— 

-5.2. 7felT^j«JiK-e^-&o cnii. 

(0SI*!)WhtK«^C0fiT<D^5ai±$^-r t or? ite^ o 

[H)®«4] 

[0 16 0] 

































-48- 



siz^To ccopii. 4 omm 

2JB(7)BHII$«j£SS!I^^L/co 

[ 0161 ] 

v'ja> (s i ) s«i 2 o 1 mM®0K«/*(zu/=A<oT 

Lx BPSG/CVD-S i O 2 (2 0 2) 

LTx «^8^tS^(0/cd^)a>^«l7L2 o 3 ^Mltx (W) -en 

— *;uKl®fi5iife&L^mfifcMir>ix^$fTL'x (cmp) icj: 

0tl3 2 O 3 -eS5^$*VCL' 
-5> (s 1 5 (a) ) « ca>iai±x i «)^ji5#ST?^Lfs0 1 3 ( i ) izts^ 

Lx isi (OBB^jgcof^y^rix 01 5 (a) -cit^ mm 

<ofc h ^ ^ afa>s¥*fflfi0^ L r LN?s:i>o 

[0 16 2] 

^tIB^]ffi<5l'C^Lfz<t 7 I-X 015 (a) "^^XTCVD — S 

i02 (2 0 4) X • vn4-+^>7H«J V-- (;2 O 5) X Si LKlg (2 

1 

0 6) X M— K-^X^ib LT(07t?^':;> • '>a:^-9->7K'J-7— IK (2 0 7) X :? 

• Lvx h (2 0 8) X k • k 

(2 0 9) X ( 210 ) x z^:i*h-Lv 

Xh (2 11) 

[0 16 3] 

LA'^^lCx • 7 — 2 12^1 00 — 2 00nmJfta 

Lt-. • '>P^'9'>7K'jT-2 1 2ttx flK [^fM] 

2] T*lftWLfeo 

[0164] 

^<0±(Z^aiiiM|gt LTS ILK (R) K2 1 3 $4 0 0- 6 0 0 n mitt* 
Lx -'N— KTX^^i: LT7t^^i/> • '>p^-9->tH'J- 7— Ig2 1 4$fltrBB 




-49 - 



1] ifknz} 0 0~2 0 0nmJtaLfc» 

L*c. i LK (R) iifrfe35ii6ff!) 1 (0«w$fe»igii o 

Ltro h 2 1 5 $2 0 6^3 O O nmlftfllL. 

<r>%n%WSlL[-^ yi 50~200n 

— >2 1 (01 5 (b) ) „ 

[0 16 5] 

h/<^— UT, C4F8/O2/A r 
irUTfflt'-C, K^'f x*:/^>y(cj: y/N— 2 1 4C0»nx$fTt\ m— 
K-7 7.^i::i 5 0~2 0 0 nmg0}g8lfl./N'^-->2 1 6^Jf$fifeLfCo /n- h”? 
X<7 2 1 A(D^"j=f-:y'f$kn\t.s ■BdSeHJe^n 03 m— >*-7X^? ^ O l(T>T.v^l/ 

litlBl2 1 3^ K7-fx-y^>^^-C*aXLT. Se^?L^mfieLfCo ^«KliraiS2 1 
3cox’;/5">yifeWi, 1 03»rBm<»i8i 1 oeo3X'>^>a 

fkif^tmcx^^o WIS.> C^Fa/Oz/A r LTffll'T, 

>rx«v^>'yi^<t yittJt/^'jT2 1 2 (o»]xsitu\ t£itt/'?yT2 i 2ic^igi^L 
>$Jl^/dcLfco $^(rjgi0!L-CS i O 2 (2 1 1 ) t:)JDJLl,t-. CtUZck 
y, ^ T«iSii^7L2 0 3$ai()ax 

A/f£W0)Sffl$Stfa$1i'fso Z03l$, Ui?XK2 1 5 (d:/N— 2 1 4, H 
Wf6«IR2 1 3, fittll/^y T2 1 2fc«fct/S I ©2 ( 2 1 1 ) * 

Xlir. fiHi|Wl^(i(Si:A/^m5l^LTL'fc (015 

(c) ) o 

[0166] 

UA''5»(fel". SsoTL'-SUv^ h2 1 K^-f X*:/^>^^C0S 

Cu03ttSJ[p5Sei: LTT a N/T ali2 1 

^ y L. $ ^I-:i>J<Z3Xieo>C u r>^<0 tzlfyO) C u v— 

KJH2 1 9$^lt8ILfr„ 

[0 167] 
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J: i-A C uSfK 2 2 O 

mf\i\mmn (via) tJ5:^fl.(7)gp5j*(^iiiiiMn»:<ffl2 2 0-es«r>>it?c:tA<-ei? 
tc (01 5 (d) ) „ Cu (2 2 0) ^liWLfc^rc, 

irR^fC, Til|glK 7 L 3 tiJ|^’ei 5 <Swi T a N/T a u 

^^Tlf ^3^ (Nj) ^tzity J[^zS ly (Ar) 3 5 0-^4 5 

OXCDi^&ik^'C. 3 0^(0f^mm^^r:>fz. 

[0168] 

CMP^(Cj:y, ^Sy^C u^J«fcl/Site*®¥SSB(OT a N/T 
a i O 2 (2 2 

1) (I?|1 5 (e) ) , S i p2(OJtj0|^fe#IJ, UUSS 

1 3tc^\ ^-v'yzf^v^m 

iftau/icu (220) <ommmit<Dm±t/\—\^-7;t.^ 2 1 4ts 
<fc fBlJS 2 1 3C0^Slcp7K^J-a>lRi|R$JIlJfi|T‘S/ii6'efey H Cti?>C 0 gW 

(DfzMzli:^ S I 02<D^Uib-f. S i 3 N 4 , S i C. Si 

L^.?ic< r%.«k*'otco c u 

V^tzo 

[0 16 9] 

'Xlz, ±iBB2mT:fe'5m2iiC uBB*9a)53!itxaitX'5o 

. '>D^-9*>;KUV — 2 22^1 00-200 nmm9Ltzo 

■ '>a^-*^>7tOJ-7—2ZZft, flUSS C^fef!M 3 [^<«t^2] T»ltW 

Ltzo 

[0 17 0] 

■^■OilcWaiiFi^lS^ LTS I LKBI2 2 3^4 9 0 — 6 O O nmiifliLfc. 

S i LK (R) ff]a2W«IISRgife«tIS2 1 3 

-So tLxm^i>> • '>n^-^>7t^ij^—m2 2 A^ttlid 

[^#1] ^/ili [^l^zj -0 1 00 — 200 nmift»Lr-o lxi;x h 
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225^200-300n mJt» L, tj |g 2 CDB2I«/1$ R5 

(f ) ) c 

[0171] 

K2 2 LT. C^Fg^/Oz/A 

LTffll'T, K^'l' X’V9=->^fz J: y /\— 2 2 4<0^HIX^ 

frL'. /N— KTX-i? 2 2 4 fc 2 2 0 t 

>2 2 6^|£¥LfCp /N- 2 2 4C0X-:/^>^liM«t:|i, Utrieig]® 
^10 )/n-K^X^ 1 2 1 (OX>>^>y|fe#t:i:^C(ZLfco $^fz. Nz/HjtD 
X‘:/5^>y**X^fflL'r, =StSWBPB‘Jl>fei^l8l2 2 3 $ K7^'X’v^>yi?»DXL, 
®SvWtS^$<b-5y-::«a)^g«S?L/<^ — >2 2 6 (El 5 (g) ) „ ^ 

SIJ»Rgig2 2 30X-V^>^^i«t^tt, fltimcOJgW#fe^|g2 1 3(031'y^ 

>'^0k1f^tmClzLtzo Z<Dm. 2 2 5\t. mri\m2 2 3 <OT.'y^>Cf 

[01 72] 

;^(Z, UvXh2 2 7«-2 0 0~3 0 0nmJttaL. ii1^a>3feSI^SIife(Zj:y 
^2Jlgffit9(t)fc«)(7)/<^— 2 8(DUvX (E 1 

5 ( h ) ) „ 

[0 17 3] 

CgFg/Oi/A r ^X‘;/^>^^Xi: LXfflt'. K^-f X *v fz J: y , /\ 
— K-7^-7 2 2 4^b',i:l/tt»/<y T2 2 2, Si Oj (221) OSttl Lf=S^^- 
$^ilPXLf=p UltB/N— 2 2 4(7>x*:/^>>/ 

$^fz, Nj/ H J **X LNT J K^-rx*> -y-Z/^T'JgftlUSfe 
1SHI2 2 3 ^JjDXLtc (El 6 (h) ) o iBfWll8l2 2 3(DX'y^>'5^^#li, flU 
IB^ai®Wffll2 1 C(DB#, U h2 2 7li, 

®PB‘l«fe«jS2 2 3 ^Ji'y^'^'f-r^X.^M^XOmzW^lzx.v^^^tiiti. 

fi^(zli(5tA/i:;«5^UrL'fco * 
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[ 0174 ] 

tLXT B N/T a|g |2 2 '] >^SfeT'ltaU. $ t>IC^(Z)XllC0 C 

•j<0m«i0o#CD/ii6CD'>— KilCu (2 3 0) L^=o 

[0 17 5] 

A'?!>'<5^itea®lCC u|g2 3 1 C 

(0^. IS2)S@BHSl<!:^f-5iJ|a>g|J^2 2 8 (3:. l®rBl?iP< C uK2 3 1 ■CS^0aXt; 
Ztt<Vttz (015 (j) ) o Cu|«2 3 1 «)o^Culll 2 

3 1 2 OrD3tlg^7?fc«S C u 

T ^ ^ T a N / T a » 2 2 9 33J: IX'>— K c u IS ? 3 0 fflS(©igAlllgtJt^Tlf 
^tztfylZ, (Nz) S/c(3:T^Ud‘> (Ar) USSis 3 O 0-'4 5 0'“C0)a 

0--3 0^i‘(0!SWaS^?T'3/ro 

[0 17 6] 

L*'-5>ft(C, CMPaiZ,^y, u?b'3:l/Sffia®(0^i®ftJa)T a N/ 

T ajS^Ki^-T'S.b^^lC, U!)'>5>^lz, 

S i 0,B|2 3 2^JifllL, M^»aiL7= (01 5 (k) ) „ •:/ S i 

0^812 3 20Jt8l^<^(3:. 1 1 1 6<7)Ji8l|^^ 

t^CtZLfzo 3 C u <03EffiK^b<0R& 

±^/\-Kvx^ 7 2 2 4 3b'^i;^«|»BfllS2 2 3(O:^Sl4>7K^i‘0DqRljR^Wli|<i-r^ 

f'iO-efey. LT(3:. s I S i 3 N 4 , s i c/s i 

«E 0 |-C'li. m 1 1 <D«W$gjilSfl>±T( 7 )|?lffi. 

mfS. Ltz^ 2 <D/irBi$£»is<D±T(oi^®. z 3 <d 

/BfHlJfe»0(OXTa>f^®IZ/-t<^ v> • '>P=^-y->7t<y-7— 6«#^5-r'Slita£{C^Sj:o 
xL'^o 01 5ic^-rxs$i«yig-^- 
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[5efii5<5i5] 

[0 17 7] 

i^cfcy, mms \ 

/\— h '>/<-, C u<DS£»/^VTlii: UTttlfilLs L^' 

$JlL'f=U7co 

[0178] 

vU3> (Si) S«3 O 1 RlTMCD,®K«l/j£r-Lyi6<oT 

>vX^5f(0«n»l*^$)KfiEL. BPSG/CVD-IS i Oj (3 0 2) 

LTv 1SSvW|gltt<^fci6<DiSig|7t 3 0 3$gaits (W) XP 

(cmp) iz 

J;'5>g®0TS1b^frz>7r, WXStf)5iA/7£1S«?Ui. @4» 3 0 3 X*^$tLT 

t'^ (016 ( a ) ) o [ 

[0 17 9] 

016 (a) Xtt. iwma)f=40 EIC. 

6(a) a>BS0<OttX0$fflL'T8ftWr^o 
^ hTL.l:ro«$v6^»«£$0-5,BE«iSlxfS(c|S3t$*i^t(7)r*li»if <, w3?<DSSIi« 
y— LTi^<il'r'5P— a'+^f^^MOHS 

[0 18 0] 

?)e(Z, VDXS iOj (3 0 4) $50~l00nm 

liWL, iH=7i>:y • 3 0 5$ 1 0 0-2 O O nmiftfllLfco 

s i O 2 (304) H«50S i(7)SiO2fflli04 coitw 

s i O 2 (3 0 4) J5^, 

*tTL'*— s i Oj (3 0 4) (Difta^few-aE5&$ 
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[ 0181 ] > 

Sf=li l^n-21 vmmLfz. =.omWtimjALtzy\^^i^> ■ 

vn:^-9->;K'J T— aiK^mi'TgiJ^MO S 
IE (CV) f$14A'to^a6fcJig|1t^(4 2. 2 — 2. B’Xii^’otzo 
[0182] 

E-<0±lwlKl LTL't5l^)l)«eie^kl®IKMSQBl3 0 6^4 

0 0-6 O 0 nmJftfliLfro M S QIS 3 0 6 X — 

IsJIEiUSl 0 0 0 r pm, 3 O x/\|zM^ L; 1 5 0 — 2 5 O^CCjS^^ 
4 0 0-4 6 0"C-e3 0^^fiftfli31'r'5)Ci:(CJ:y, /N— 

Kvx-57 c u (Dtl£IH[|$£IB^ v> • >;H'] “7 — ® 3 0 

7^1JIIIB [S^i^l] ^fzlt -C 1 O 0-2 O b nmJtttUfCp $b(r, 

U*;;xh308^200-300n mJta L, y «IS?L 3 

0 3(0/<^~>Jf$tt3 O 9<0U':^X h/<^ — (016 (b) ) c 
[0183] 

/<^i— =.>^^HfcUi^XH3 0 8$-7X^^tLT. C4Fg/02/A 

r LTfflL^r, y /\— 3 0 7 

KvX-57 3 0 7 icmi^?l3 0 3 tk3^6^mi^it^Tztt><Dm 
>3 O 9$*K¥L7io BUf£5eJ6^ 

1 IcIB16<D/\— K-7:^^ 1 O 7<©x*>-y->^^#i:® Cir Ltco 

^ t>ir, o 6 $ K3-f 

X‘v^><^T»»DXU, — >3 1 O^JKfilcL/c 

(0 1 6 ( C ) ) a 

[0 1 8 4] 

^fclZ, h31 1$200-300n mlfW L. ifiSC0^»3t3K«IC J: y 

2gi iiBBS(»<Of=tf)<OBE^/^^— >JK^^:3 1 2i0 h/^^ — >$^Jf^li£L7c 
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(0 1 6 ( d ) ) « 

[0185] 

C.Fb/Oj/a r LTffll', 

>^lCcfcy, VN— 3 O 7. tt»/^'JT3 0 5. S i Oj (3 0 4) (OS 
!±!Lfca^$R^I=ttIXLyco 0!|^(#. WbE/n— K vx>? 3 

0 (016 (o) ) i 

Tfxs-fflixr. K^-f o ei^mxLfc (01 6 

(f) ) o 

[0 186] 

;^(C, Ui;xh3i 1 $T*>'»^r^|l 8 { 3 feU, 

(kfliS$J6L/io HI3» C urottMkKMi: LTT a N/T alK3 1 3$;^/<'y 
^ 2feC7)Xa(0Cu(Z>m/»«)'3$^<pfci6(0*>— KJgCu (3 1 
4) ^itiaiL^c (01 6 (g) ) „ 

[0187] 

c ucomf»«)o#a£ic<ky, A'*'‘S»«s®ircuiS 3 i 

7co Z(7 )Nf. «1 l■aiH«tJ&^JII<DS^J^3 1 2li< WraJji:< C uBl3 1 5T'S 

(01 6 (h) ) o Cu)S3 1 5$liaL^r^(C, «6o#C 
uK3 1 5(0^b>mfiSti-r«bR^lC, T)iSafL3 0 3<03tJg^T?fe-&Wi: 
/<UT> ^»;UT a N/T a »3 1 Z^^lSO u|S3 1 5 CDffiSOJlfttSta^TIf 
(Nj) (Ar) HfflSv* 300 — 460*CO>S 

-ffl ^ 1 O - 3 O tr o 7c „ \ : 

[0 18 8] 

LA'-S^I^, CMP^|Zj:y, ^id7^C u fcJ:l/|fe:|fia®cD2PSS|i(DT a N/ 

T lfefiRaffia>¥S^b$0ofc. 

S i OjBla 1 6^1iWL. ^ffi^ttau7c (01 6 ( i ) ) o i 

0203 1 6 fltj8E35J60i|i fc|5tt<oW'>:^«-i 1 

<kiBU:icL7co UHs ^-V‘>^^r3l 6T'1tta'r‘5)pWJ3:, Cu(0^mmt(Dm 
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LTtt. Si b-r, S ijN«. S i C, Si 

s liig^-r u 4; nc < -ct <»:/»' 

[0 18 9] 

'^IZ. *'A'-5)*tt[rc7H^v> • '>o+-y->TK'J-7-i-3 i 7 ^mts. [|^#i ] ^ 
/ttt -Cl 0 0-'2 0 0nmitaU/=p -Sfe^XD® 

t 

ra#£»l8li: LTMSQK3 1 8^400-6 OOnmitflIL, h '> 

f 

^'«-i:U-C7K^'xV- V— 1S3 1 9 ^BtrSB 

^2] 0 0-2 0 0nmlt»Lt=„ ^blZ, 2 (DiE«Jl$}Kfifct'<5fc«)0? 

iSra^fe^lKi: UTMSQK3 2 0^40 0 - 6 O 0 n ^Jiiai U/Co HWIR3 1 8 

> 

ife'cfci/3 2 00 m5lgi»@a)®fBll»3O6(7>Jt%Hfei!0^i: 

PICr-ifc*o ^bl=. ^O-tfC/x— K-eX‘^fc'J:i;Cu<oatfc/^'Jrai<i: LTTff 
■5v> • vP^’»f>7KU'7— IS3 2 1 ^tcli V. 1 

O 0--2 O O nmjftau. U'i^X h 3 2 2 $ 2 0 0 ~ 3 O 0 n mJftfll Ufco 
C0ifeS5tig«l=«fc y 1 5 0-20 0 n rnS(Z)Jira««m (V I A) mtfz3 2 3(0 
U':;^ h/<^ — (016 (j ) ) « 

[0 1 9 0] 

h 3 2 2 LT, 00^1#, C4F8 

/O 2/A r LTffll'-C. tJ/N— KT 

3 2 1 (OUnX^Ort', /\— K*7;^>7 3 2 1 1^1 5 0 — 2 00 nrr»S<DJira^ 
(VIA) — >3 2 3 $f5^Lt=p /\— Kj7X-J? 3 2 1 
0i|^ld!, 1 WbHI?J 60O 1 l:i|E«<D/\— Vb7a>x->9^>^|fe4i|it|^ 
ClzLtzo ^blc. SfHJils&iaiiBS 2 O^ K5^'X‘>^>^-CJraXUT. 
fl. (V I A) «?f$/ifeuyic - : I 

[0191] 

0O^(#. C^Fj/Oj/A r ^X';/5">^*‘Xj!: LTfflLV K^-fX*:/^ 
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3 1 9^)5DXLffo 

(S, ffire/N— 3 2 1 CDX'y^>-5f^#tPli:T?fc^c $t>(zK^>rX‘y 
^>^T»»ra*ft*5B|3 1 B^taULtc (01 6 (k) ) „ J3I^BI3 1 80DX-y5^ 

z<Dm. u 

vX h 3 2 2(i)ififlffe«|g3 2 O. X-y^>^X h ^y/<— 3 1 9 fc«fcl/lira#fe« 
^3 1 8$X‘y^>^-r^XSr% t^>!7lZX'y^>^$n. fi«HWlZ(ilSi: A/if 
>^5I^LTL>fco 

[ 0192 ] ^ , 

Ui;x h<OT'y'>>^$frt'. ^;'fXfS$liL/co ui?xi>-3 2 4$^ 
Ji?|ta>si5fearlzj: y , |g2(DlE^/'?^ — >3 2 S^Ui^X H 3 2 4lze^ 
L^i: (0 1 6 ( I ) ) o $4x/iUvX h 3 2 4 ^^X^7 t LT, ^ 

C4 F,/02/A r $X*y^>y^’Xi: LT» /\ — 

KVX-i? 3 2 1 <t C u 3 1 7fcJ:L^S i P 2 JS 3 1 6 ODMDSU^J*^ 

^tL-€^^a^t4X«y^>-yLfr. X *y IUfB/\— KTX^ 
3 2 1 (7)X-y^>>/^#i:|^i:T'fc>So «W$feSIS 3 2 O $ X *y 

(016 (m) ) „ mtS»f91BI3 2 

0 ©jBrBHgfife?LB|P<DfcA 6 <OX 'y ^ (^ C t'fe- 2 ), 

[0193] 

Ui^X h3 2 4$-7’‘y'»^R^*L, $t)fz’K^-rX'y5=’>^^C0*ffi 
inJ^^ti!liS^)!i£LfcSfcl3, C u (7)t£|Bi|*@Jl i: UTT a N/T a|gl3 2 6=£X/< 
.y ^ y ^ ^lz:Sfe(0Xfi<7)C u(7)1i<!^i6o^<Dfci6(75'>— KC u 

)B3 2 7$lft|IUfc (016 (n) ) o T a N/T aBi3 2 6fc'«#:U:'>— KC u 
ms 2 7 HrieT a N/T a)g3 1 3 Ja K C u IS 

[0 19 4] I ; 

C u(Ott««)o#afe/z,*: y, ;5'*'-S|gffi|j®lZC iilks 2 8$ltS|$-t±fzo C 
(01^, ®raif«g?L (VIA) 3 2 2 5 
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< C uK3 2 8 (016 (o) ) » CuKl2 8 

m^it. fiiisacu)«3 i 

[01 95] V 

CuW3 2 S^ltaLfc^lZ, «)o#Cu|8l3 2 8 (0-$^ U^fiKS^iSf t 

1C, |glBH*9»T?fe-i>Cui:Ta N/T a®3 2 6 2EI8iifc<J:i;/i|yi 

', ■ 

mm (Nj) ^fcli 

(Ar) 3 5 0-4 5 0“C(DS®^|^:-e, 1 O - 3 05i> 

[0196] 

LA'-S^IC, CMP^(Z,ty, ^INl3:fCuiD.fcU*t5*®2|r^g|I(7)T a N/T 

CMPcoifef 4 :|i, 

ItlSEC uK3 1 StOCMP^fe^'^tfalt^'CSfe-So LX)'-S^lc\ ^;|5fs i Oj 
ig3 2 9^Jtau> <01 e (p) ) « si 

lW5e^V>3/|S3 1 6cojt»^#i:Ri:‘cb'5o 
at" <5SWIix C u<Z)|gffi^‘(fc<OB^jti:/N— KvX'i? 3 2 i 
$felllS3 2 O0):*:S(c»3;k^><OiRilR<D|qi«M’ea6^/hi6. LTttv Si 

OiOHUh-f. S 13 N,, S i C, Si ON-u^5a*A<fcofco -^fzs 

[0197] ' 

ccoct^icurj^fieufc, 

i 

[0 19 8] ■']■ 

c:a><i:dlciSK«i^J*|H)jte*Slg|i LT, S i Oj UfcMS QfftltJgT: 

i,. /N— K*y/<— . C u (Tjfefcy^'j TBit 

> . vD^1f>7K'J^-li«figUs 2 - 2 . 8t^J'$L' 

tzif)iz^ i O 2 , S i C, S i 3 N 4 S?tJ±|JLt. 2 )lE«lfltafi (01^38109 
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(it' *5 *T?% >5i:i'o 

C55J60II6] 

[0199] 5 * 

01 7li, 3tc^^<Dm6(D3gJfe«!l$5^-r^i»»:Slk^Br®0-Cfcl>, 

Ltzo '; • 

[0 2 0 0] 

(Si) st64o 1 mmo)kmmmzLfzfi^':>xh3 

L, BPSG/CVD — S i O 2 (4 0 2 ) 

LT> mStW«iK<O/=i0<Olgia?L4 0 (W) TP 

— *;uE»0)JgRRZil/miw?LfflA63i.?#-$frl\ -(b^Wk«WW@y^ (cmp) iz 
,fc^M(7)¥«1b^fTofco WT«i03^A/f£l$l|»?Lfi; 04’ 4 o STSm^tv-C 

(0 1 7 ( a) ) o 
[0201] 

017 (a) T*(i. W^tOfcA^) h^>v?;^^S^(75^J|fflttia^LTL'^tt'o 
•^S&I^017 (a) (DC«15a>»t^0$ffiL>TUi^-^-2>i 35»'A'^3>^ 

^ K7Li:<D«Sl9^^g^$0«SBBiaxill=Rg^$:K^=t«)-eiinj:<, w5f<7)Ef9J|4 

^-h«ffi$4>iL'^L-ClSI8-r^P— *juaa«l (U>t>t4)-5.MOBE 

3 

[0202] ^ ^ 

*'*'^*«(C::f^X-7CVDTS i C (4 6 4) ^5 0~100nmJft 
«L, • '>P4r1t>7H'J-7— 4 05^2 50-350 nmJtWLfzo S 

i c (4 0 4) ^ 

fmt<. SiC (4 0 4) 

[0203] 

• '>p4r-9->7Hy^— 4 o 5(i, ungesijfik 1 TSfiaiL/c 

... . 
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a (CV) . 8~2. 8 T?fc-Dfr« ^0)Jifz/\— K 

■^X^tLTS i C|g|4 0 6$5 0~1 OOnmJti«L/=» K 4 

07$200~300n mlft* L, J: U 4 O 3 <D/<^ 

— O 8(DUv;^ h/'?$r — (0^1 7 (b) ) , 

fi • * > 

[0 2 0 4] 

K4 0 7 LT. C^Fs/O^XA 

r LTffil'T. K^-f y / n— 4 0 7 

0>irax^m\ /\- K-77.^ 4 0 7 o 3 

>4 0 8$fB^L/c„ 

<Z>T-(i3tci', JiBi1Kife«Bl4 o 5$- K^-<x*v^>‘y-etoXL, 

(ian 7 (c) > „ 

>'>>'f^. Jffj^^bftiS^JSteUfco f' 

[0205] 

Ui;;*. h510^200-300n mJft» L. ffi«0>ptSitia«fZck U 
«1 JBiBB«(0/ri6(0BS|g/<^ — >f^t*t4 1 1 (0Ui?X Km"^ — 
(017(d)), 

[0 2 0 6] . 

C4Fg/Oz/A r LTfflL'. K^-^X-y^F 

>^lZ«ty , -/N— K"7X^ 4 O 6 SilOXLtc (017Ue) ) , 
tK'J ■ 7 — li|U)IS4 0 5fc<bl/S i CBS4 O 4 0)Sllll.frfli^$|^P#fZj!)DXLf= 
(017(e)), 

[0 2 0 7] : . 

L/vX h4 1 O^T‘>‘>>'5^-CW5^Ux 

imm^nLfz (017 (f) ) , CuOatfcP^MtLTTaN/Ta 

M4 1 2$X/<*y^ y ?3(I(0X|l(0c |i(D«»fto#<0fc«)(Z>'> 



. ) ‘t 
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— KCU0I4 1 3$^lftaiUf=o 

[0 2 0 8 ] 

CuCD«»«)o#^lc<ky. uBl4 i 4 

fco ZCD^, miiSBENli:ni:^/1t(DglI^4 1 i li; < c u|g4 i 4-Cfa 

(01 7 (g) ) „ 

[0 2 0 9] 

C u|g4 1 4 u|g4 1 4d>-if 

TJ1S**?L4 0 3<03t^^^*efe‘5>Wty^'JT;< ^iuT a N/T a jg4 1 2fc 

J:l^CuK4 1 4<Offl^(7)^g®^StJt^T^f^yc«>lz: (N^) 

> (A r) 3 O 0-4 5 1 0~3 

[02 10] 

CMP5£(Zj^y, a NX 

s i CR4 1 5$it«u. (01 5 (h) ) „ ufs. 

4 1 c U (0|g®Sk‘fbfOR&ihi:vN-^ Kvx^i? 4 O 6 

aUSWR4 O SOr^Sv^^TK^^-tOiRilR^iqiftqT^fciO-ejfey . LXtt. 

5 i S SaN^, S i O 2 . Si O N T?=tiaJRA<35.-o^c, 1 

» a <D c U J?6 ^ ;Kf=o 

[0211] 

;A»Z. A'A'-S^IErz®fyj}g«E7C$H0iifc-^-5,SR2<DigW#fe«)ia^LT:, 

> • vP^^- 9-X7K'J*7-4 1 e^MlB [l^#1 ] [^#2] VZ 5 0-3 

5 0 n mi£9l L^ro i 

^tz. LTS i CIBI4 1 7^50-1 50 nmiftRLfc, 

$^(z, ^2tOKfg«^ff$fi)t-r-6/‘za6<OjiM*fe«R«l: L-CTH^i^XTl^'j -7— R4 
1 8^2 5 0-3 5 0nmliaLfce )■WIS4 1 6fcj:t^4 1 8(0Jfta^fe#tt. 

«!l5ll«, file [lfe<4l] 
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^tzlt t LTS i CI04 1 9 

^ 5 0~ 1 5 O nmJftIt Ufc„ [yVT. h520;£200 — 300n mift8l 

Ltzo ii1f?<D3feai3fe3K^ft(Zj: y VQ O — 1 2 O n mgajJgflflJgj^gH (V I A) 
ttS 2 1 (DU'IxX h/<^ — (017 (i) ) , 

[0 2 12] 

->^$n/zUvX h 5 2 t UT, 

Oj/A r UrffiL'T. K^-f x*>^>y(zj: y /\— Kv;^ 

“7 5 2 OCOtoX^fxLV iSWffeiSlglA 1 S^aOXL^i (017 (j) ) „ 

h^T '> K 5 2 2 

L. ii^<0R3t/^fZj: y . Sl2 — > 5 2 3 $ Uv;^ K 5 2 2 (Zte^^L 

(01 7 (k) ) „ |, ; 

[0213] I 

C4F./02/A 

r LX. K^-f X J: y /\— 4 19 <tx*y 

4 1 7, iSM^^Ig4 1 8fcctt^4 1 6.(O0PSll^$-5-4x-?^tv 
S:^i4x>y^>yLfi (01 7 ( I ) ) „ 

[0 2 14] 

;:>l(z, Ui/X h5 2 $ t>lz'K'5'f x»:;-y-Xf^<7>^a 

im'^iMM^^Ltz^lZ. C u (OttUkUtMIl <b LT T a N/ T aJS5 2 

y ^ felz:j5^<OX|g<OC uCO!ifl?iO-:>$’(Ofc«)<0'>— KC u 

®5 2 5^JiWL/c, 

[0 2 15] 

c uO>««iOo^afeirj: y, ;i'«'^3MS«®(zc u^6 2 c 

om. (VIA) 5 2 1 2 

< CuBIS 2 6-C?i®a0a^t;Ci:7!)<-C$-fc (0 1 7 (m) ) o Cu|g2 5 6(0m« 

flll?BCuBl4 1 4(Oltaife#i:f^C7?$><&o 

[ 0216 ] 
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C UBSI5 2 u|g5 2 6(p^ly>fS,&^iS.-rtfSim 

I::. Sg 1 u tT a N/T a IBs 2 4 

mmn<Dmifii^^m:U^Cu(rinfiSi^tE^T\i^tztt>lz. (N,) $f=(i 
TJlzfl/ (Ar) HHSi. 3 5 0~4 5 0"C(7)SJS^,<«t^T?. 1 O ~ 3 O^ 

i ' i 

OlttfllS^tTOfCo 
Co 2 1 7] 

CMP^rc,fcy. ufc'J^l/ilk^ffispjflgpOT a N/T 

lltrffiCu|g4 1 A(DCMP^ji^tmCVi!>^. LA'-^^gtc, i Clg 

5 2 7^1tBIL. M$«g|Lfc (017 (n) ) , S i 

It. itjgg^^-w 3^814 1 4-Y*;/^<^T?agi-r 

* ’1 

-5 C U 0^mMit(0^jLtf\— 4 1 9 

Ig4 1 B^^(T>:^9L^i\^^0^i3SL<nnU-Ti^tf-lt>^ S i C 

OHUh'f. S ijN^. S i Oj. Si ^COXS 

\ 

(:: ^ ti (C fi , [ts&^r o 7r « 

[0 2 18] 

•i • 

:i<r>^o[z\^xv&m\^rz. 2jg(7)5£*!jifliit-c. 

[0 2 19] 

ZC0<fc3lc<£g|«Mra‘)#fejtlliliL-C, • vn:^-9->7Hij^-lifl|j|| 

Ls 1 . 8~2. 8 (*£5|5(OS i C, S i o 

2. S i 3N4 9?0 /s— S‘V/<— 2»HB 

^fz. UfcXfI$«y 

il-rcfC. 

[5?J6«<7] 

[0 2 2 0] 
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'>u a >»t7x/\6 O 1 ±.lZ7t^“'J-7— 3IK 
602tCuj»lg6 0 3(D||L®^^-r^0llS®a)Si|SffiK3l4$f^»Uyi (0 1 8 
(a) ) „ ■ '>P:^ 

•9-^tH'J *7— /i4i(DC (SIMS: 

PhysicalElectronics ti:9!iE9Sli£!s IMS) U Ltc. 

SvTT*4 0 o*c. 6^fy)Saffla-r‘5ztir.k-&*att»i5^?a*fzoUNTtESI-<fc, 

(S EM : Bikf^RJfSl S - 4 7 O 0) 

[02 2 1) 

S i »t7x/\±icx/'?';»$icj: y c uSiei (tstisoonm) -tOJiI-TH 

• '>p4-9->7Ky ^xtf>=3— ^icj: y'3e^^^u. 2op“c. 
bi:i3 0 0'C. 3 0^rHU»«iSL, IRJ¥3|5*I1 Z OrniDmm^mi^Ltz^ ^0>± 
ICS i L K$X tr>P— L, 2 5 O^C. 3 e>lZ 4 O O’C, 

3 O^JfBlJMSLT. K»IK)6 6 0nmC03|IS$fl5fiRL., Un~ ^ (01 8 
(a) - (1) ) SfffiUfZc ^tzs lt«^(DfctolCS I LK (R) 
0|(iiSt)5OOnm)±IZia^g2£^LT®<kUtcB4J|!4-2 '(01 8 (a) - (2) ) 
^i^S&Lfz, c ti <b a>SiJ|!^T? l±;K 'J 7 — $ c u »®l_t icESf^^li L r T --JU ^ 
^otztb. C<T)iaiiT*7K'J-7-t^D^(OCu>^lfe3!)<±i:2)^«6147b<%xe>*t^. S 
i Ox/N±(CS ILK (R) Ilff 6 6 O nr«(03IK$i^/ifc 

U. $blC7t<^v> • ->P^-9->7Hy ■=?— 80n 
mO>MtBL^¥fifS.t-\±. ^<0±lzm^{Zj^^Jmm.Hf;i3 Q^0 nmCOCuMt&^MtS.^ 

^^ZtlZ^f-JUn-3 (018 (a) - (3) ) ^i^SiLtzo iktfeOfsifeS i 

’ % 

LK (R) <7>^^S I ^x/\Ji(C^1»rLTJ!fttoSL, 6 OnmCOSIIK^ 

BfitL. ^<D±lzmmz^ yig«l$tl3 O O nmG>C 
yaif4-4 (0 1 8 (a) - (4) ) ^f^SLfCo ' 

[0 2 2 2 ] 

ctie.<ostJt4fcot>r. s i 
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V— 4i(DC ujRji^S I 

^b'y . sc«- 1 1 i-oL'rii, *±®<z)7K'j- 7— »;5)>^s i 

K#4-3fcJ:i;|EtJ|s^--4|ZOL>TttS i k«K®*'P»S 1 
(rofc„ ; i 

[0 2 2 3] ij 

9(z^Lfco citL^a>U3i^a)W«ft>K';-7— 4>(-tetfeufcc u 
s i t^x/\±<7>c uaij0i±(cig}g^ai7H';-7— =£MfliLTa 
<b$i±fcKJ|E4- 1 <d^« 7K';-7— 4ia)C uMA<*tk< , 

titzs \ • *>D4^-9- 

LT-«fi£<si'c u y ^fiSTK*; if 

a>Cu y x ^Sifi U C u L, Mit ^itfzU 
3|4f^®<bBtfC4 O O'CCfii^L-CL'^friOx w(0iaSl?7t<y ■7— If IZ C u 

[0 2 2 4] 

-2TM*x ' i'D:^-y->7K'J *7~(Z.i:y-m/]'$nfC u3ljSA<ffitf)t)tLx 

CuJi£«k$:l(p$||L-CL'-2>mi*A<®A6t>4x$o L;i'Lx; r(0«^=t C u3|IBI±Te7H 
7v> • '>p^■t^>7Ky V— $i®;S%®<b$-a-Tfcyx c<oia 
fit? Cu -7— 

[0 2 2 5] 

s^3|s^- 3 X S5tf4- 4 vitmtmzc y 

l£tkf= «S C U ajS(Dli*n lirs t ^ <!: /j: LN t, (0 i: t, ft -S A<x Ptff- 3 T*li^ 

SiTHy ^-gfis±iziij$c u m^mizo u /)<«£»•#- -s^li 

1±A'^^^>tt-5>0 C u;Sj£<oat/|'$JiCKf4- 4 T'lj7K^*:^> • 

c < sj Msiz<t-6^«7Ky T— 
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c u aijg t L'fift-e & ^ o 

[0 2 2 6 ] 

v— ICIi, C ufl)lfelS:liS4>^<DJ£ 

[0227] 

'?-;h.^*UDa3l4(=-:?LNTMm#S^T. 4 0 0“c; .6B^raSMBS$^7t', 

■\ : 

4icdc u(OS£ltk^^®^80'<t=o 7f< 

\ 

C U ib%tfi7H'J'7--CD5!iaA^SL/ii 
SC^^-3$^«iSL, C;K<o<7)Bi®^S EM$fflL>Tia?gfUtco 02 
O A' b^A'-S <fc 5 lc5K:^<0K)|4i L l>^S®A<K 40 btifr, 

C:Kb<DfitJ|£^fCOL'-CS I u3iJ6$aiI^Lfc|g 

iR^02 1 ICS^Lf'o K3^- 1 u2Rj£ttC ulf^SA'bTH 

ij-7-4>H3iS<^'C«ff-Cfey> CuA<«L<l»fltlttLTL'^C<i:A<^A^'5o K 
J»4- 3 -CliKI4- 1 C0«>: -7 C u fBBSflfl 

o)i,<Dt 'j -T—mcD 3 2 c u 

A<t£8ftL-CL>-S::i:A«^A'^„ 143^- 1 (rabn-5>il LL>StKS<oaillttC u3l 
Ki’O^aTK'J L®^k^■t^fcCl ,1: 4,jes 

[0228] 

• '>p^'9->jflBI$^?E^l±yi:S43M^- 2 f-OL''C4.|S|«<o^^ 
T'SfttoSL. »r®S EMT*«^Lfrjg*. 02 2lz^-r<^5ICgft«iaiCJ:-|>:S«| 
^g-7— «D^KIBtt^<S46b:K-r. ^^izCu ’ '>p4-9->7H'Jv 

-(3!)^®(Cfcl'T4,3EHSA<®iAb*t<CLx, tt-p-C. • ‘>PdFi#->7K'J 

i 

v-A<:&ai7t< 'J ^--^(7) C u -S C t A<4<J^ Ufco 

[0 2 2 9] 

02 3irS I MSICJ: y tH'JV— li(7>aS^^r^T<0C uaJKSt^b^^To 
«iSUtrcO ^<Dttt^LX^<U^t<. CIJ S§MBS«lI(7) C u atk^^cJ© 
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I2I2 1 • vP4-^>7t<UT— ufi£tk$TOJLXL' 

[0 2 3 0] 

lcStJtS^-3. 5t#^-4<0S I MSaiSlSiR^Cu iiWaiTKUT—CDMtCui: 
v> • <0Hffi<0iia^M*aTia2 4(c^Ltc» 

> • c|aT?liC u<0t£Sk(i^M6^>j:«feS!:»<0^rfi)*^LT^3y. 

Cu|1L®AN^3e$:;^|S]|c^.^('t£ttLTU''5o %ai7t<U-7— cp-eoc ufi£ 

[0231] 

J: y O L ^n^iUi&tUr>X A<. 5&«7|<y T— ®±«:^m:h.(d:c u ®j£(i7t? 

• '>P^1tl/<O^SlC,fcy/l'$^fil<!:4»:'3Xi''5)e 
[^IKJi(Dftj^^^1±] 

[0 2 3 2] 

^^fe^i»ralrfflt^b4^Tl^-6/^-KTX<7. h'yA-, S£»/<yTtL 

J:oT¥®(:^3^*(Dkil^bA<BIfrgtzAi:^o $ i=> 
(c, 7te7i?>ESi:'>y3> (S i ) '>P 

^r-y* y V - li e > P — jc y fwoi c t a<x ^ 

ac0Sa£3fp-b;^$ffi<Hct-t2>c ®Wlfe!S^^4s^:t 

.. I 

® I'-S C t y ifeJ*SliHk«Slt(DS5l' PFC 
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li (Z) io ffl , . 

’ 1 
•v • 

(r L ^ -s T? fe o T . 

R^li-(CH 2 >m (mfiOfel±<7>SI») 

R 3 L. 

R<fc'<i:t/R5ttT;U^;US. T';— T^ZU^^ZUS^7i(^7km)l^(7)c|3A%^ 

tKU afcSP<Z)'>n^t»->T^^$*t-S^.tD*StL, 

RjfiTZMrZUS. T'J— ;m. 

7t?^i;>aRcog3R®^i3T;u^zuas^^L. 

tt^T-b^U>3IA<*S^UTL''S:6\ R 2 

a?tj: o fc t O i: L fc <b^!|«3 i: . 

<kt» 2 ®m±Ot KP'>UVUS$:&L. <b 2 ^^-r-b-'rift<b^ 1 $ 5 . fc-SL' 
li. d^3tC< «bt 2 flSia±(Dt KP'>'JzmSWL. lb 3T?^-ra«-^r>r3IHb^1^ 

<z>, /N^ KPv'J !✓— '>3 oT4#e>4itr/K7':^> • 

^ <5 o 

[<b 1 ] 
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Rl 

I 

R3C =C-R2^g/N<.g^2C =C-R3 
II I 

Ri ° Ri 

R2’C eC-Rj 

Utz'l 



H — 



R 4 
I 

Si - Re 

I 

R 5 



R4 

/ 

R5 



C<b3] 




L ^ o r . 

R,(±r;u4;m^5^L, 

R 3 fi T'Hz^ Ufc7;u4-;u*$^ L. 

R4fc'J:i/R5iiT;u^;u*, T'j— 7’5;u^;u*^ytii7K3»si®-7-a)4^/)'b 

Rel^««i3I^WLTl.'T=tai'5r®teCD2®a5lS. 7f^i^ 
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R7(iT;u^;uafe, T'J— ;us, 

n (i 3 4*<7>i:-r 

v>ii<DSSIIf ■^■(c-7’;u+;u^^ L. 

<t 4 lz^-r 

fc^LNli. R2»i:T-tr^U>aiA<a;S:of'^,0!)<t*<ite^L^r^b'&«8i: 

7t?7 v>IS<D^^H^icT;L4-;uafe$^L, 

-SAV fc«Sl'( 4 . 

R 2 1 r -b ^ U >* A<jg /j: o ^ (D <5: ^ L rr <b ^133 1 U 7b ^ , 

tt2®Ja±.CDt KPv'J7US^^L. ^b 6 ■e^r>r-rD5<b^!|«!l, &-SLN 
It. 'PU< t=l2miil±<Dii itl-Qfji'tm^'r^mit'^ify 

t. 



O). y\^ KP v'J U— '>3 'J P >tK'J T— 

[^b 4 ] ^ 



RjC 



Ri 

I 

= C-R2Vg/N^g^jC ^C-R, 



Rt 






f' R. 

Rz-C EC-R. 
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Hbs] 



H-C = C-R9 



Rb 






Rs 

I 



g/N^^D-^R9-C=C-H 

n I 






I 



Re 



Rg-C =C-H 



R4 

H— Si-Re 

I 

R5 



R4 

I 

-Si-H 

\ 

Rs 



[-Ik 7] 




[SH3|t«3] 

fc-i) ^ fife L 1 
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(Dmnm t. t W (=Jgi^-r ^ fr a^ro^«6?L3b«Jf5i$ $ tlf' S? 3 

»i tm2cDBsM^fiftW(c}gfig-r'5/=ir)<z)»i3m$W5< 
(2) ISI|[^i^icMLrtt. ^1 (DiteJS«j£tm4(DiJfelsmi£i:lc«^n 
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(4) Iglff^r^ 

fcMLTIi. 0)llfetSi«ift<*:y±(7)^i^lzlS:fte,*v. ¥06^131*. 
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(7)#fe««iS «h . ^ 2 COHBISIJB $ 4ltrBBttira ^$fejfr ^ « 4 i: , 

±■50552, 3fc*lMi*4 0$felt1llitOl'-r4xA'l^ii, SH^^i ^fcli2(c|E 

C t <b-r-54^3l»:|gSo 
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